I. INTRODUCTION
Drosophila willistoni is one of the species which were used in the pioneer studies on comparative genetics of Drosophila. Lancefield and Metz (1922) and Ferry, Lancefield and Metz (1923) reported a number of mutants, published a linkage map of the X-chromosome, and suggested that only about half of the X of this species corresponds to the X-chromosome of D. melanogaster, while the other half of the X of D. willistoni carries genes which are autosomal in D. melanogaster.
The work on D. willistoni was then abandoned. Sturtevant and Novitski (1941) 2. MATERIAL AND METHOD D. willistoni is one of the commonest species of Drosophila in the American tropics, and it is found from the southern tip of Florida to Southern Brazil (the state of Rio Grande do Sul). Strains from the same, and especially from different, geographic regions very often differ by inversions of blocks of genes in their chromosomes. The geographic origin of the material with which the genetic work is done is therefore important. Most of our mutants were obtained in a strain from Belem, Pará, Brazil, which was known to be free of inversions : that is to say it is homogeneous in respect of inversions. Metz and his collaborators worked with a strain from Cuba, which almost certainly differed from ours in gene arrangement. Some of our mutants induced by X-ray treatment proved to be associated with chromosomal aberrations ; the same is true for a few mutants which were found in strains of other than Belem origin. These mutants are unfit for construction of linkage maps, except when they are 201 freed from association with the chromosomal aberrations by crossing over with the standard Belem chromosomes. Except where otherwise specified in the descriptions of the mutants, the latter are of Belem origin and free of major chromosomal aberrations. The technique of the work with D. willistoni has been the same as described in the article by Spassky, Zimmering and Dobzhansky, dealing with D. prosaltans and published in the same issue of this journal.
SEX-LINKED MUTANTS
copper (cp) .-March 1945, in an X-rayed culture. Eye colour Brazil red (Ridgway, forked (f).-June 1945, in an X-rayed culture. Bristles shortened and irregularly bent, some of them, particularly the posterior dorsocentrals and the scutellars, forked or singed at the tip in most flies. Resembles some weak alleles of forked in D. melanogoster, and may be homologous. The difficulty of establishing the homology is increased by the existence in our material of a phenotypically very similar, but not allelic, mutant called singed (see below). Sturtevant and Novitski (ii) believed that the stubby mutant of Lancefield and Metz (1922) is a homologue of forked of D. melanogaster, but, judging from the description, stubby is rather different from our forked.
Incomplete (mc) .-September in an X-rayed culture. The fourth and fifth wing veins partly or wholly missing between the crossvein and the margin ( fig. i ). Viable and more extreme in homozygous than in heterozygous condition, and highly variable in both. The weakest expression differs from wild type only in having the posterior crossvein oblique instead of at right angles to the veins. The strongest expression destroys the crossvein as well as the longitudinal veins distal to it, and a part of the fourth vein proximal to the crossvein. No analogues in other species.
lozenge (lz) .-February 1945, in an X-rayed culture. Eyes smaller than normal, facets rough and fused, the eye surface as though varnished, the eye margin lighter than the centre, in some individuals dark specks scattered over the eye. Although less extreme than most alleles of lozenge in D. rnelanogaster, this mutant is probably homologous. Judging from the description, resembles also morula of Lancefield and Metz (1922) , but the locus of morula in the chromosome indicated by these authors is quite different from ours (see below). miniature (m).-March 1945, in an X-rayed culture. Wings slightly more than half as long as normal ( fig. i) (Ridgway, plate XIV) . In the eosin-rose compound, the eye colour light ivory. The mutant was lost before the colour of the testis sheath had been inelanogaster (cf Sturtevant and Tan, 1937) doubtful.
Hook (Hk) .-August 'p44, in an X-rayed culture of Bertioga origin. Some of the bristles on the thorax or on the scutellum hooked or bent at right angles, most often near the tip. Some bristles remain straight but suddenly diminished in diameter before reaching the tip. Possibly the same as red of Ferry, Lancefield and Metz (1923) . 6. LINKAGE MAPS The chromosomal complement of all known species of the willistoni group, and of most species of the saltans group, consists of a pair of metacentric X-or Y-chromosomes (indistinguishable at metaphase), Wharton, 1943 , are probably inaccurate). The three linkage groups found among the mutants thus correspond to the three pairs of chromosomes. Cytogenetic study of some chromosomal aberrations (unpub.) showed that the second linkage group is carried in the metacentric autosome and the third in the acrocentric autosome. 
207-123
121-77 The linkage data are summarised in tables 1-3, and linkage maps of the chromosomes constructed on the basis of these data are shown in fig. 2 . In contrast to the high variability in crossover percentages found in different experiments on D. prosaltans (see the companion paper of Spassky, Zimmering and Dobzhansky), the linkage values in D. willistoni are reasonably constant. This makes the construction of the linkage maps easier than in the former species.
DISCUSSION
Our data confirm the conclusion of Lancefield and Metz (1922) and Sturtevant and Novitski (1941) that the two arms of the metacentric X-chromosome of Drosophila willistoni more or less correspond to the X-chromosome and to the left limb of the third chromosomes respectively in D. melanogaster. Indeed, the first fifty units of the linkage map of the X of D. willistoni ( fig. 2) contain the mutants miniature, white, lozenge, yellow, scute, forked and singed, which parallel the similarly named sex-linked mutants in D. melanogaster (Bridges and Brehme, 1944) to such an extent that the assumption that they are homologous is probable. The similarity between the mutants echinus, cut, prune and Notch in the two species is not so striking as in the cases named above. Echinus of D. willistoni is, in fact, more like echinoid in the second chromosome than the sex-linked echinus in Comparison of D. willistoni with D. prosaltans shows that the distribution of genes among the chromosomes is similar in thc two species: the X, the second, and the third linkage groups of the former correspond to the X, the second, and the third chromosomes of the latter. Now, these species are representatives of two species groups (willistoni and saltans groups) of the subgenus Sophophora of the genus Drosophila. Both groups are characteristically Neotropical in their distribution (Patterson and Wheeler, 1949) . Apart from willistoni and prosaltans, some tweive species of these groups have been, examined cytologically, and all but one of them have the same metaphase chromosome group: two large metacentric and a acrocentric chromosome pair, one of the metacentrics being the X. It seems, then, that the three linkage groups have tended to preserve their identities in the evolution of the Neotropical Sophophora.
Two other species groups belonging to the subgenus Sophophora are the melanogaster group, which is characteristically Oriental, and the obscura group (including affinis), which is Holarctic in distribution (Patterson and Wheeler, 1949) . A variety of metaphase chromosome patterns are known in these groups, none of them identical with that in the Neotropical forms. However, the same metacentric autosome seems to occur in the willistoni, saltans and melanogaster groups Finally, a small dot-like autosome is present in many species of several subgenera of Drosophila. In the subgenus Sophophora, this autosome occurs in all species of the obscura group and in some of the melanogaster group. In the Neotropical willistoni and saltans groups it is never present, and our data suggest that it has become broken up and incorporated into other linkage groups. In D. prosaltans a part of it is included in the X-chromosome, but at least one locus appears to lie in the third chromosome. The situation in D. willistoni is unclear; the second-chromosome mutant Shaven in this species is not a reliable homologue of the similarly named mutant in the dot-like chromosome in D. melanogaster.
Closely related species of Drosophila, and even varieties of the same species, may differ considerably in the distribution of genes among the linkage groups (Stone and Patterson, 1947 ; Ward, 5949) . Nevertheless, the correlations pointed out above between chromosome structure, systematic position, and geographic distribution indicate that, in the subgenus Sophop/zora and particularly in its Neotropical representatives, chromosome fusion and fragmentation have been, on the whole, infrequent in the phylogeny. Despite the probable occurrence of small translocations, the linkage groups preserve their essential integrity for long periods of time.
The gene arrangement inside the chromosomes is, on the contrary, frequently altered by inversions. Comparison of the linkage maps of the X-chromosome of D. willistoni obtained by ourselves ( fig. 2) , and by Lancefield and Metz (1922) discloses appreciable differences.
Their maps show the genes forked and singed (stubby) some 30 units apart at the end of the chromosome, while yellow and scute are in the middle portion of their linkage map; we found forked and singed only 6 units apart, and yellow and scute between forked and the end of the map. These disagreements are almost certainly due to our mutants having been obtained in a strain of Brazilian origin, whereas Lancefield and Metz worked with a strain from Cuba. These strains probably differed by inversions.
The variability of the gene arrangement within a species may seem to make comparisons of different species meaningless. Actually some associations between neighbouring genes are quite persistent. The length of the linkage map of a chromosome depends, in part, on the number of loci known in a linkage group. The more mutant loci are placed, the greater the probability that loci near the ends of the chromosome will be included, and the greater the chance that the total length of the linkage map will be known. Despite this source of error, comparison of the published linkage maps for different species of Drosophila suggests the existence of genetic differences in the amount of recombination in homologous chromosomes in these species. In species with large metacentric X-chromosomes, the known map lengths of the X are some 90 units in D. willistoni, 100 in D.
prosaltans, 165 in D. persimilis and i8o in D. pseudoobscura (Beers, 1937 Sturtevant and Tan, ig; Spassky. Zimmering and Dobzhansky, 1950 , and the present article). In species with acrocentric or small metacentric X-chromosomes, the map length of the X is 66 units in Three linkage groups corresponding to these chromosomes are established.
Comparison of the mutants indicates that the chromosomes of D. willistoni contain largely the same genes as the cytologically similar chromosomes of D. prosaltans, although the sequences of these genes within the chromosomes are quite different, because of the repeated occurrence of paracentric inversions in the phylogeny. Homologies with the chromosomes of other species of Drosophila are suggested. Certain correlations between the systematic position, geographic distribution, and the chromosome contents in species of the subgenus Sophophora of Drosophila appear possible. The two Neotropical sections of the subgenus, namely, the willistoni and the saltans species groups, have very similar chromosomes. The large metacentric X-chromosome characteristic of these sections appears also in most species of the Holarctic obscura species group, but not in the Oriental melanogaster species group. Conversely, the large metacentric autosome of the willistoni and saltans groups is shared with melanogaster but not with the obscura group. The acrocentric autosome of the willistoni and saltans groups occurs also in the obscura group, but in the melanogaster group it is joined with a chromosome which in the willistoni, saltans, and in most species of obscura group is a part of the X-chromosome.
The amounts of recombination which occur in corresponding chromosomes of different species vary greatly. A suggestion is made that tropical species have less recombination than species which inhabit temperate lands.
